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1.0 Background 

On October 11, 2007, Minnesota Steel Industries (Minnesota Steel) received a final air permit and 

authorization to construct and operate the reactivation of the former Butler Taconite mine and 

tailings basin area near Nashwauk, Minnesota and build a new processing facility to make sheet steel 

coils from the ore that is mined. In October 2007 Essar Steel purchased Minnesota Steel and formed 

Essar Steel Minnesota LLC (Essar). Since the purchase of Minnesota Steel, Essar has proposed 

modifications to increase its taconite pellet capacity to a nominal 6.5 million metric tons per year 

over a 15 year mining time period. The proposed modifications are referred to as the Essar Steel 

Minnesota Modifications Project. This increase in pellet production capacity will require l) the 

installation of additional crushing and concentrating equipment, 2) a global standard sized indurating 

furnace, and 3) an increase in the rate of mining. The Department of Natural Resources (DNR) has 

concluded the proposed modifications require that a State Supplemental Environmental Impact 

Statement (Supplemental EIS) be prepared in accordance with Minnesota Rules 4410.3000 subpart 

3A. 

In the preparation notice for the Supplemental EIS, one of the issues identified for study is wild rice 

surveying and monitoring. This report has been developed to meet the needs of the SEIS as stated in 

the preparation notice, as follows: 

Wild Rice. Information on the current presence of wild rice in receiving water bodies from 
the ESML project will be identified and assessed. Changes to sulfate concentrations for 
affected water bodies will be modeled. This information will be used to identify potential 
impacts to wild rice in receiving waters due to changes in sulfate concentrations and/or 
water levels. Potential adverse environmental effects to water bodies will be identified 
and monitoring and/or mitigation will be developed to detect changes and to avoid and/or 
minimize impacts. 

This report contains the following information. 

l. A summary of available 2009 and 20 l 0 water quality and hydrologic monitoring data 

collected on Swan Lake; 

2. Available literature review information to determine whether records of historical wild rice 

harvesting or cultivation exist, and if so to provide a summary of their contents; 
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3. Initial wild rice survey results to confirm the presence or absence of wild rice in lakes and 

bays downstream of the Proposed Project; 

4. Wild rice survey data (stand size, density and plant height) for those water bodies identified 

to contain wild rice. 

2010 water quality and wild rice monitoring results and information presented in this report were 

collected based on the technical memorandum entitled: "Essar Minnesota SEIS -Wild Rice Surveys 

and Water Quality Monitoring Protocol", dated April9, 2010; revised May 25, 2010 (Barr 

Engineering) (Wild Rice Study Protocol). Also presented in the report is the 2009 Swan Lake water 

quality monitoring data from the U. S. Steel Keetac Expansion project EIS. 

Water bodies downstream of the Essar project include Swan Lake, Ox Hide Lake, O'Brien Lake, 

Snowball Lake, and Pickerel Creek (see Figure 1). No wild rice was found in Ox Hide Lake, 

O'Brien Lake, Snowball Lake, and Pickerel Creek,see Section 3.1 for additional details). In 

addition to the initial survey results, none of the historical records indicated the presence of wild rice 

on these water bodies. Per the approved protocol, water quality sampling was ceased and no wild 

rice counts were conducted on these water bodies following the initial wild rice survey. Water 

quality data and wild rice survey data for Swan Lake were collected. This report provides water 

quality data collected through August 11, 2010, as well as wild rice data collected in July and 

August. Water quality sampling will continue through 2010 until ice forms on Swan Lake. An 

updated report will be submitted following the completion of laboratory analyses of the last samples 

collected. 

2 



R5-20 15-01 01170000385 

2.0 Water Quality Monitoring 

Water quality and hydrologic monitoring are currently ongoing for 2010. Results of measurements 

collected through August 11, 2010 are presented in this report. A final water quality monitoring 

report will be generated after 2010 water quality monitoring activities are completed. The purpose of 

water quality monitoring is to evaluate the concentration of sulfate and corresponding basic water 

quality parameters (e.g., pH) in Swan Lake. Water quality monitoring activities for 2010 are 

scheduled to continue until ice formation on Swan Lake occurs (typically November or December). 

Water quality and hydrologic monitoring data were also collected biweekly by Essar on Ox Hide 

Lake, O'Brien Lake, Snowball Lake, and Pickerel Creek from June 24, 2010 through July 21, 2010. 

Essar ceased collecting this data following the completion of an initial wild rice survey on these 

water bodies which confirmed the absence of wild rice (see Section 3.1 ). 

2.1 Water Quality Monitoring Locations 
The water quality monitoring locations are identified in Figure 1. Ox Hide Lake (via Ox Hide 

Creek), Pickerel Creek, and O'Brien Lake (via O'Brien Creek) discharge into the main body of Swan 

Lake. Snowball Lake (via Snowball Creek) discharges to the Swan River immediately downstream 

of where Swan Lake discharges to the Swan River west of monitoring location KSW6. Monitoring 

location KSW7 is located in a shallow (approximately 2- to 3-feet deep) unnamed bay at the 

southwest corner of Swan Lake near the outlet to the Swan River. The bay, further referred to in this 

report as Swan Lake Southwest Bay, is attached to the main body of Swan Lake by a small channel. 

There are no other substantial inlets or outlets to Swan Lake Southwest Bay. 

2.2 Water Quality Monitoring Methodology 
Water quality monitoring on Swan Lake was conducted by Barr Engineering on behalf of Essar in 

2010. Water samples were collected from water surface at all locations on Swan Lake, and at 

4-meter depth intervals at KSW5. Water quality monitoring on Ox Hide Lake, Snowball Lake, 

O'Brien Lake, and Pickerel Creek was conducted by Braun Intertec on behalf ofEssar. Water 

samples were placed on ice and shipped to Braun Intertec's laboratory in Minneapolis for analyses of 

sulfate, iron, calcium, and magnesium. Water quality analyses consisted of unfiltered sulfate 

analysis by ion chromatography method (EPA 9056) and unfiltered total iron, total calcium, and total 

magnesium analysis (EPA 6010B). Temperature, pH, dissolved oxygen, and ORP were measured 

with a field probe (YSI® model 556 multiprobe or equivalent). Field parameters were collected at 

2-meter intervals in Swan Lake at location KSW5. 
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2.3 Water Quality Monitoring Results 
Results of 2010 sulfate, iron, calcium, and magnesium analyses are summarized in Table 1. Field 

parameter measurements (temperature, pH, dissolved oxygen, and ORP) are included as Appendix A. 

In addition to water quality data collected in 2010, 2009 water quality data for Swan Lake are also 

included (U. S. Steel Corporation Keetac Expansion Project's EIS, 2009 Water Quality, Hydrology, 

and Wild Rice Monitoring Year End Report. Data tables summarizing water quality from that 2009 

report are included as Appendix B. 

To date, sulfate concentrations in surface samples collected in 2010 from the main body of Swan 

Lake (KSW4, KSW5, and KSW6) have ranged from 18 mg/L to 31 mg/L, and concentrations in 

Swan Lake Southwest Bay (KSW7) have ranged from 4.8 mg/L to 9.9 mg/L. Sulfate concentrations 

in Swan Lake from 2009 to present are presented in Figure 2. The ion chromatography analytical 

method has an error range of 20 percent according to the method documentation, as represented by 

error bars included on Figure 2. 

On two separate occasions, laboratory results for a sample collected on Swan Lake came back with 

unusually high sulfate concentrations that were inconsistent with sulfate concentrations of other 

Swan Lake samples collected on the same date: sample "KSW5-4m" collected on 6/10/2010 and 

"KSW 6" collected on 6/25/2010. The laboratory re-analyzed the samples in question, along with 

several other samples from the same sampling events. In both cases, sulfate results on the re-analysis 

were within expected ranges and more closely matched sulfate concentrations of Swan Lake samples 

collected on the same date. Results from other samples that were re-analyzed closely matched the 

results of the initial analyses. The laboratory believes the unusually high sulfate results in the two 

samples in question were the result of contaminated sample vials used to feed samples into the ion 

chromatography analytical machine. The laboratory has since added procedures to rinse the sample 

vials with clean laboratory water before using it for ion chromatography analyses. No unusual 

sulfate results have occurred since the laboratory adopted the additional procedure. The laboratory 

delivered revised reports for samples collected on 6/10/2010 and 6/25/2010 that utilize results from 

the re-analysis of sulfate. 

2.4 Historic Sulfate Concentrations for Swan Lake 
Swan Lake has been monitored for sulfate concentrations in previous years by Minnesota Steel/Essar 

Steel in 2005, 2006, and 2007. Appendix C includes a figure of historic sulfate data collected from 

the surface of Swan Lake from 2005 through 2009. 
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3.0 Wild Rice Survey 

The purpose of the Wild Rice Survey is to determine the presence of wild rice (Zizania palustris L, 

known as Manoomin in Ojibwe), an annual grass, on Ox Hide Lake, Snowball Lake, O'Brien Lake, 

Pickerel Creek, Swan Lake Southwest Bay, and the Swan River, which flows out of Swan Lake just 

north of its Southwest Bay (Figure 1) (Study Area). Since wild rice populations oscillate over an 

approximate 4- to 6-year period, the following analyses and ground surveys were performed to 

determine past and current presence of wild rice. 

1. Literature search to identify if there were historical records of wild rice on the waterbodies 

potentially affected by the Essar Project. 

2. On-the-ground verification of the presence of wild rice and sampling of the density of select 

wild rice stands. 

3. Analysis of historic infra-red USGS photographs for the presence of wild rice in water bodies 

potentially affected by the Essar Project. 

3.1 Initial Wild Rice Survey 
An initial wild rice survey was conducted by Barr to determine whether wild rice was present on Ox 

Hide Lake, Snowball Lake, O'Brien Lake and Pickerel Creek (Figure 3) on the following dates: 

O'Brien Lake- July 20, 2010 

Ox Hide Lake and Snowball Lake- July 21, 2010 

Pickerel Creek- July 21, 2010 and July 30, 2010 

Field reconnaissance for the initial survey of O'Brien Lake, Ox Hide Lake and Snowball Lake was 

conducted on the water surface by boat and on Pickerel Creek by foot. No wild rice was observed on 

any of these water bodies. 

3.2 Wild Rice Survey Methodology 
The following section describes the methodologies used in obtaining information and data on wild 

nee. 

5 



R5-20 15-01 01170000385 

3.2.1 Methodology of Literature Search for Wild Rice in Downstream Receiving 
Waters from the Project 

To determine which water bodies downstream of the Essar Project might potentially have wild rice 

populations, a literature review of historic and cultural information was conducted. Information 

examined included the 2008 DNR "Natural Wild Rice in Minnesota" Report, U.S. Department of 

Interior Geological Survey maps (Topo maps), Trygg maps, and the 2010 Wild Rice Management 

Workgroup "350 Significant Wild Rice Waters in Minnesota." The Trygg maps were developed by 

J. William Trygg (1966) utilizing data from the original Government Land Surveys along with other 

historical surveys and sources (http://www. trygglandoffice.com/maps.html). The MNDNR was also 

contacted by Essar in December, 2009 regarding historical wild rice records. The Wild Rice 

Management Workgroup is a coalition of federal, state, tribal resource managers and other wild rice 

stakeholders. The list is periodically updated as was last updated May 4, 2010 (Appendix D). 

3.2.2 Methodology of Historic Aerial Photographic Imagery Analysis 

Staff from the Sciences and Technologies Branch USGS-BRD-Upper Midwest Environmental Sciences 

Center in La Crosse, WI analyzed 2004 and 2008 1-meter resolution NAIP (National Agricultural 

Imagery Program) natural color and color infrared aerial photographic imagery for the presence of 

wild rice on Swan Lake Southwest Bay and Swan River in 2009. In 2009, wild rice appeared in 

some of the same locations as those identified in NAIP photographs, but the results were inconsistent 

with ground surveys and therefore their results inconclusive. 

According to USGS staff in follow up phone conversations in 2009, wild rice can be identified with 

approximately 80 percent certainty under the following conditions: (1) 0.5-meter resolution or better; 

(2) use of stereo-scope and infra-red photography; (3) density of wild rice approximately 30 percent 

coverage or greater (density factor 2 through 5); and (4) no more than two species growing next to or 

mixed in with wild rice. Until this technology improves (includes greater accuracy in identifying 

wild rice at smaller densities (less than 30 percent)), aerial photographic analysis should not replace 

ground surveys. As a result, Barr decided not to conduct aerial photographic analysis, but carried out 

the ground surveys in 2010. 

3.2.3 Methodology of Ground Verification and Density/Acreage Calculations 

Surveys to estimate wild rice density and crop acreage were carried out the week of August 16, 2010. 

Qualitative estimates of wild rice coverage were carried out by canoeing along the perimeter of the 

wild rice beds and recording bed locations using a Trimble® GPS Pathfinder® ProXH™ receiver. 

Quantitative estimates of wild rice coverage were determined from representative sampling grids 10-
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meter x 10-meter size. Four grids were sampled on Swan Lake Southwest Bay in 2009 and again in 

2010. A grid will be set up the week of September 7, 2010 on Swan River (Figure 6). As in 2009, a 

0.5 m2 PVC square was placed on the water surface at each randomly selected plot and the rice stems 

within the 0.5 m2 square were counted. Height above the water surface was measured for five plants 

within each 0.5 m2 plot. Height was measured to the plant's highest point (seed head). Stem count 

sum, mean, median, and standard deviation were calculated based on the stem count for 20 plots. 

The total stem count for each grid comprises l 0 percent of the grid area. The total area sampled for 

each grid was 10m2 (20 plots x 0.5 m2 each). 

3.2.4 Methodology of Plant Sampling 

Additional data to determine differences between plant growth and production within the Study Area 

were collected. Ten wild rice plants were collected from each grid on Swan Lake Southwest Bay and 

will be collected from the grid on the Swan River. If sparse stands of wild rice were found in 

sampling locations, then between 5 to l 0 plants were collected in the densest locations. Total plant 

biomass, root biomass, seed biomass, and seed number will be measured. Basic statistical 

calculations will be carried out (Table 2- placeholder). 

3.3 Wild Rice Survey Results 
The following details the results of the wild rice survey and analyses that have been conducted for 

Swan Lake Southwest Bay and the Swan River up to the dam (Figures 4 - 6). 

3.3.1 Results from Literature Review 

No evidence from literature cited in 3 .l.l or other literature resulted in identification of wild rice 

presence on Snowball Lake, Ox Hide Lake, O'Brien Lake or Pickerel Creek. In a December 29, 

2009 e-mail from Mr. Rian Reed of the MNDNR, it was stated that he had reviewed historic 

MNDNR Fisheries Lake Surveys to determine if wild rice (Zizania aquatica) occurred in any of the 

aquatic plant surveys for Snowball and Ox Hide Lakes. Aquatic plant surveys were taken on 

Snowball Lake (31- 108) in August 1977 and on Ox Hide Lake (31-106) on 06/26/1978. No wild rice 

was noted in any of these surveys. 

In addition, no wild rice was subsequently found in the initial survey on those water bodies. As 

discussed in the 2009 Water Quality, Hydrology, and Wild Rice Monitoring Report for the Keetac 

Expansion Project, Swan Lake Southwest Bay and Swan River were identified as potential wild rice 

water bodies. 

7 
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3.3.2 Results of Ground Verification and Density/Acreage Calculations 

Wild rice was identified from ground surveys performed on Swan Lake Southwest Bay and Swan 

River the week of August 16, 2010 (Figures 4- 6). The four grids established on Swan Lake 

Southwest Bay in 2009 were counted the week of August 16, 2010. Swan Lake Southwest Bay had 

the largest overall acreage of wild rice, while Swan River had less acreage but one very dense stand 

ofwild rice near the dam (Figure 4). A grid was set up on September 10, 2010 in the Swan River 

(grid 43). Wild rice stands were identified along more than 90 percent of the perimeter of Swan Lake 

Southwest Bay (Figures 5 and 6). Average plant heights for grids 6 and 7 were 50 and 60 percent 

taller, respectively, than average plant heights in 2009. Average plant heights for grids 8 and 9, 

however, were 90 and 82 percent the average height of plants from 2009. Many of the wild rice beds 

observed in the center of Swan Lake Southwest Bay were populated with between 30 to 75 percent 

lily pads. Detailed information on results of the on-the-ground wild rice survey is included in 

Appendix E. Photographs of wild rice taken from Swan Lake Southwest Bay and Swan River are 

included in Appendix F. 

3.3.3 Results of Plant Density and Seed Calculations 

[TBA] 

3.4 Wild Rice Survey Discussion 
Results from the 2010 ground surveys identified the presence of wild rice on Swan Lake Southwest 

Bay and Swan River. Although wild rice has been documented and several dense stands have been 

identified for two years on these water bodies, it is difficult to determine the health and history of 

wild rice in these lakes. Delays in plant nutrient uptake and wild rice tissue chemistry influence wild 

rice growth and production from year to year (Walker et al., 2006; Walker et al., 2010). Other 

factors such as water level may also play a role, but no data has been collected over multiple years 

and published. Other factors such as water level may also play a role, but no data has been collected 

over multiple years and published. 

Grids 6 and 7 had 53 7 and 524 stems respectively with a mean stem density of 2 7 and 26 stems/ 

0.5 m2 respectively. Grids 8 and 9 had 187 and 174 stems with a mean stem density of 9 stems each/ 

0.5 m2
. The mean stem density for all four grids was 18. Grid 43 had 1713 stems with a mean stem 

density 86 stem/ 0.5 m2
• Sulfate concentrations measured at KSW7 in Swan Lake Southwest Bay in 

2010 have ranged from 4.8 mg/L to 9.9 mg/L. Additional information will be added regarding plant 

and seed density data. From two year's data examining wild rice density data and water sulfate 

levels, it is not possible to determine the effects of sulfate on wild rice growth and production. 

8 
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Table 1: Water Chemistry Results, 2010 
Essar Steel Minnesota LLC DRAFT 

ES OH WQ1 - Oxhide Lake 
6/24/2010 7/7/2010 7/21/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 29 1 < o.o2o 1 40 I 22 I 190 30 1 o.o24 1 36 I 20 I 172 32 1 < o.o2o 1 36 I 

ES SB WQ1 - Snowball Lake 
6/24/2010 7/7/2010 7/21/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 12 I< o.o2o 1 27 I 10 I 109 11 I o.o24 I 24 I 9.4 I 99 16 I 0.022 I 26 I 

ES OB WQ1 - O'Brien Lake North 
6/24/2010 7/7/2010 7/21/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 12 I o.o23 I 35 I 18 I 162 11 I o.o39 I 33 I 17 I 152 15 I o.o36 I 34 I 

ES OB WQ2 - O'Brien Lake South 
6/24/2010 7/7/2010 7/21/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 6.2 I o.o23 I 30 I 17 I 145 7.2 I o.o7s I 29 I 16 I 138 12 I 0.11 I 30 I 

ES PC WQ1 - Pickerel Creek North 
6/24/2010 7/7/2010 7/21/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 9.6 I 0.34 I 39 I 130 I 633 5.5 I 0.39 I 35 I 110 I 540 6.5 I 0.55 I 38 I 

ES PC WQ2 - Pickerel Creek South 
6/24/2010 7/7/2010 7/21/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 14 I 2.5 I 51 I 100 I 539 7.5 I 1.4 I 48 I 94 I 507 15 I 1.2 I 63 I 

Notes 
Sulfate Concentration of sulfate in mg/L. 

Fe Total iron concentration, in mg/L. 
Ca Total calcium concentration, in mg/L. 
Mg Total magnesium concentration, in mg/L. 

Tot. Har. Total hardness, in mg/L CaC03. 
NA Not Analyzed 

24 * Concentration is a result of re-analysis after initial result was determined to be an error. Pricr result was 39 mg/L sulfate. 
21 ** Concentration is a result of re-analysis after initial result was determined to be an error. Prbr result was 86 mg/L sulfate. 
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Mg ITot. Har. 
20 I 172 

Mg ITot. Har. 
10 I 106 

Mg ITot. Har. 
17 I 155 

Mg ITot. Har. 
16 I 141 

Mg ITot. Har. 
120 I 589 

Mg ITot. Har. 
82 I 495 
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Table 1: Water Chemistry Results, 2010 
Essar Steel Minnesota LLC DRAFT 

KSW4 -Swan Lake, Southeast 
5/1/2010 5/13/2010 5/27/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 28 1 < o.o2o 1 33 I 21 I 169 24 1 o.o25 1 32 I 20 I 162 24 1 < o.o2o 1 32 I 

KSW5 -Swan Lake, Center 
5/1/2010 5/13/2010 5/27/2010 

Depth (m) Sulfate Fe Ca Mg Tot. Har. Sulfate Fe Ca Mg Tot. Har. Sulfate Fe Ca 
0 29 < 0.020 33 22 173 23 0.020 32 20 162 27 < 0.020 31 
4 31 < 0.020 NA NA NA 23 < 0.020 NA NA NA 23 < 0.020 NA 
8 NA NA NA NA NA 22 < 0.020 NA NA NA 23 < 0.020 NA 
12 NA NA NA NA NA 24 < 0.020 NA NA NA 24 < 0.020 NA 
16 NA NA NA NA NA 24 0.024 NA NA NA 24 < 0.020 NA 
18 NA NA NA NA NA 23 < 0.020 NA NA NA 23 < 0.020 NA 

KSWG - Swan Lake, West 
5/1/2010 5/13/2010 5/27/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 29 1 o.o32 1 31 I 20 I 160 23 I o.o24 1 30 I 19 I 153 23 1 o.o26 1 30 I 

KSW7- Swan Lake, Southwest 
5/1/2010 5/13/2010 5/27/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 7.7 I o.o82 I 20 I 8.6 I 85 9.8 I 0.011 I 20 I 8.7 I 86 9.9 I o.o88 I 21 I 

Notes 
Sulfate Concentration of sulfate in mg/L. 

Fe Total iron concentration, in mg/L. 
Ca Total calcium concentration, in mg/L. 
Mg Total magnesium concentration, in mg/L. 

Tot. Har. Total hardness, in mg/L CaC03. 
NA Not Analyzed 

24 * Concentration is a result of re-analysis after initial result was determined to be an error. Pricr result was 39 mg/L sulfate. 
21 ** Concentration is a result of re-analysis afterinitial result was determined to be an error. Prbr result was 86 mg/L sulfate. 
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Mg ITot. Har. 
20 I 162 

Mg Tot. Har. 
20 160 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

Mg ITot. Har. 
19 I 153 

Mg ITot. Har. 
9.6 I 92 
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Table 1: Water Chemistry Results, 2010 
Essar Steel Minnesota LLC DRAFT 

KSW4 -Swan Lake, Southeast 
6/10/2010 6/25/2010 7/12/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 22 1 < o.o2o 1 33 I 22 I 173 22 1 o.o32 1 30 I 20 I 157 25 1 o.o44 1 31 I 

KSW5 -Swan Lake, Center 
6/10/2010 6/25/2010 7/12/2010 

Depth (m) Sulfate Fe Ca Mg Tot. Har. Sulfate Fe Ca Mg Tot. Har. Sulfate Fe Ca 
0 21 < 0.020 32 21 166 22 0.022 32 21 166 25 0.023 32 
4 24 * < 0.020 NA NA NA 22 < 0.020 NA NA NA 25 < 0.020 NA 
8 23 < 0.020 NA NA NA 23 < 0.020 NA NA NA 25 < 0.020 NA 
12 23 0.024 NA NA NA 24 < 0.020 NA NA NA 26 < 0.020 NA 
16 23 < 0.020 NA NA NA 23 < 0.020 NA NA NA 26 < 0.020 NA 
18 22 < 0.020 NA NA NA 24 < 0.020 NA NA NA 25 0.024 NA 

KSWG - Swan Lake, West 
6/10/2010 6/25/2010 7/12/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 22 1 o.o23 1 32 I 21 I 166 21 ** 1 o.o48 1 30 I 21 I 161 25 1 < o.o2o 1 32 I 

KSW7- Swan Lake, Southwest 
6/10/2010 6/25/2010 7/12/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I 
0 8.3 I 0.110 I 21 I 11 I 98 6.0 I o.o62 I 18 I 9.1 I 82 6.2 I o.o86 I 20 I 

Notes 
Sulfate Concentration of sulfate in mg/L. 

Fe Total iron concentration, in mg/L. 
Ca Total calcium concentration, in mg/L. 
Mg Total magnesium concentration, in mg/L. 

Tot. Har. Total hardness, in mg/L CaC03. 
NA Not Analyzed 

24 * Concentration is a result of re-analysis after initial result was determined to be an error. Pricr result was 39 mg/L sulfate. 
21 ** Concentration is a result of re-analysis afterinitial result was determined to be an error. Prbr result was 86 mg/L sulfate. 
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Mg ITot. Har. 
20 I 160 

Mg Tot. Har. 
21 166 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

Mg ITot. Har. 
21 I 166 

Mg ITot. Har. 
9.3 I 88 
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Table 1: Water Chemistry Results, 2010 
Essar Steel Minnesota LLC DRAFT 

KSW4 -Swan Lake, Southeast 
7/26/2010 8/11/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. 
0 26 1 o.o47 1 30 I 20 I 157 20 1 o.o29 1 30 I 21 I 161 

KSW5 -Swan Lake, Center 
7/26/2010 8/11/2010 

Depth (m) Sulfate Fe Ca Mg Tot. Har. Sulfate Fe Ca Mg Tot. Har. 
0 25 < 0.020 29 19 151 20 < 0.020 30 21 161 
4 26 0.026 NA NA NA 20 < 0.020 NA NA NA 
8 25 < 0.020 NA NA NA 20 < 0.020 NA NA NA 
12 26 < 0.020 NA NA NA 21 < 0.020 NA NA NA 
16 25 0.050 NA NA NA 20 < 0.020 NA NA NA 
18 27 < 0.020 NA NA NA 18 0.021 NA NA NA 

KSWG -Swan Lake, West 
7/26/2010 8/11/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. 
0 25 1 o.o34 1 30 I 20 I 157 19 1 < o.o2o 1 29 I 20 I 155 

KSW7 -Swan Lake, Southwest 
7/26/2010 8/11/2010 

Depth (m) Sulfate I Fe I Ca I Mg ITot. Har. Sulfate I Fe I Ca I Mg ITot. Har. 
0 5.2 I o.o73 I 18 I 8.5 I 80 4.8 I o.on I 19 I 8.9 I 84 

Notes 
Sulfate Concentration of sulfate in mg/L. 

Fe Total iron concentration, in mg/L. 
Ca Total calcium concentration, in mg/L. 
Mg Total magnesium concentration, in mg/L. 

Tot. Har. Total hardness, in mg/L CaC03. 
NA Not Analyzed 

24 * Concentration is a result of re-analysis after initial result was determined to be an error. Pricr result was 39 mg/L sulfate. 
21 ** Concentration is a result of re-analysis afterinitial result was determined to be an error. Prbr result was 86 mg/L sulfate. 
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Figure 2: Sulfate Concentrations in Swan Lake Surface&3mples 2009-
2010 
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Figure 3 
INITIAL WILD RICE RECONNAISSANCE, 

O'BRIEN RESERVOIR, SNOWBALL LAKE, 
OX HIDE LAKE, AND PICKEREL CREEK 

JULY2010 
Essar Steel 

Itasca County, Minnesota 
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Figure 4 

QUALITATIVE RESULTS OF WILD RICE 
SURVEYS FOR SWAN LAKE AND 

SWAN RIVER, AUGUST 2010 
Essar Steel 

Itasca County, Minnesota 
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Appendices 



R5-20 15-01 01170000385 

Appendix A 

Water Quality Monitoring Field Parameters 



ES OH WQ1 - Ox Hide Lake 

Sample Date Sample Depth Temperature 

(m) 

6/24/2010 

7/7/2010 

7/21/2010 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

(:::C) 

0 

0 

0 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 

20.3 

23.9 

23.3 

R5-20 15-01 01170000385 

Specific Dissolved 

Conductivity Oxygen pH CH' 

(mS/cm) (mg/L) (mV) 

0.365 10.49 8.49 64.6 

0.352 8.94 8.59 2.8 

0.349 8.58 8.55 67.2 



ESSB WQ1 -Snowball Lake 

Sample Date Sample Depth Temperature 

(m) 

6/24/2010 

7/7/2010 

7/21/2010 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

(:::C) 

0 

0 

0 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 

20.9 

24.7 

23.3 

R5-20 15-01 01170000385 

Specific Dissolved 

Conductivity Oxygen pH CH' 

(mS/cm) (mg/L) (mV) 

0.242 11.40 8.76 50.2 

0.237 8.33 8.93 -12.3 

0.233 8.41 8.55 57.5 



ES OB WQ1 -O'Brien Lake North 

Sample Date Sample Depth Temperature 

(m) 

6/24/2010 

7/7/2010 

7/21/2010 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

(:::C) 

0 

0 

0 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 

20.6 

24.0 

23.3 

R5-20 15-01 01170000385 

Specific Dissolved 

Conductivity Oxygen pH CH' 

(mS/cm) (mg/L) (mV) 

0.331 9.80 8.42 81.5 

0.323 8.38 8.55 14.4 

0.321 8.79 8.51 43.5 



ES OB WQ2 -O'Brien Lake South 

Sample Date Sample Depth Temperature 

(m) 

6/24/2010 

7/7/2010 

7/21/2010 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

(:::C) 

0 

0 

0 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 

21.7 

25.2 

23.2 

R5-20 15-01 01170000385 

Specific Dissolved 
Conductivity Oxygen pH CH' 

(mS/cm) (mg/L) (mV) 

0.280 10.01 8.35 127.1 

0.304 9.80 8.67 16.8 

0.302 7.60 8.30 67.2 



ES FC WQ1 - Pickerel Creek North 

Sample Date Sample Depth Temperature 

(m) 

6/24/2010 

7/7/2010 

7/21/2010 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

(:::C) 

0 

0 

0 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 

18.1 

21.3 

19.6 

R5-20 15-01 01170000385 

Specific Dissolved 

Conductivity Oxygen pH CH' 

(mS/cm) (mg/L) (mV) 

1.036 9.75 8.17 61.4 

0.914 6.85 8.14 -3.6 

0.723 6.56 8.22 8.2 



ESFCWQ2- Pickerel Creek South 

Sample Date Sample Depth Temperature 

(m) 

6/24/2010 

7/7/2010 

7/21/2010 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

(:::C) 

0 

0 

0 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 

16.3 

18.5 

15.4 

R5-20 15-01 01170000385 

Specific Dissolved 
Conductivity Oxygen pH CH' 

(mS/cm) (mg/L) (mV) 

0.927 10.74 8.34 66.6 

0.789 8.20 8.14 -10.5 

0.723 7.77 8.05 31.5 
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KSVV4 -SWan Lake (Southeast) 

Specific Dissolved 

Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

6/24/2009 0 4.0 23.9 0.341 9.45 8.89 -7.8 

1 23.5 0.342 9.91 8.96 -8.6 

2 22.5 0.341 9.78 9.04 -10.8 

3 22.0 0.341 9.96 9.01 -11.4 

4 20.3 0.338 9.79 8.92 -9.5 

5 16.6 0.339 10.75 8.69 -2.7 

6 14.1 0.341 8.66 8.30 6.1 

7 13.5 0.342 8.20 8.21 8.9 

8 13.0 0.342 8.03 8.23 9.1 

8.5 12.9 0.342 7.74 8.19 9.5 

7/15/2009 0 4.5 18.9 0.344 8.07 8.31 -14.7 

1 18.9 0.344 8.00 8.32 -12.7 

2 18.8 0.344 7.92 8.31 -9.6 

3 18.8 0.344 7.95 8.29 -6.7 

4 18.7 0.344 7.84 8.25 -3.6 

5 18.6 0.344 7.81 8.21 -1.1 

6 18.6 0.344 7.71 8.19 -0.7 

7 18.4 0.344 7.59 8.17 0.1 

8 18.0 0.345 7.28 8.13 2.8 

8.5 17.3 0.343 6.55 7.92 6.4 

8/5/2009 0 2.7 19.4 0.345 9.11 8.91 -26.5 

1 19.4 0.346 8.89 8.84 -19.5 

2 19.4 0.346 9.00 8.79 -15.1 

3 19.3 0.346 8.74 8.76 -12.8 

4 19.2 0.346 8.75 8.74 -9.3 

5 19.2 0.346 8.78 8.73 -7.5 

6 19.1 0.346 8.77 8.63 -5.4 

7 19.0 0.346 8.60 8.62 -2.2 

8 18.8 0.345 8.36 8.54 -0.5 

8.5 18.7 0.345 8.34 8.50 0.2 
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KSVV4 -SWan Lake (Southeast) 

Specific Dissolved 

Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

8/25/2009 0 2.9 20.2 0.342 8.05 -101.6 

1 20.1 0.342 8.00 -102.0 

2 20.1 0.343 8.08 -102.1 

3 20.0 0.343 8.06 -101.1 

4 19.9 0.343 8.05 -100.9 

5 19.9 0.344 8.02 -105.5 

6 19.9 0.344 7.98 -100.0 

7 19.7 0.344 7.93 -101.9 

8 19.7 0.344 7.87 -102.8 

8.5 19.6 0.344 7.71 -103.1 

9/15/2009 0 3.6 22.5 0.354 8.34 8.89 -101.6 

1 22.4 0.354 8.76 8.92 -102.0 

2 21.1 0.353 9.22 8.93 -102.1 

3 20.8 0.353 9.00 8.84 -101.1 

4 20.6 0.354 8.42 8.73 -100.9 

5 20.4 0.354 8.42 8.62 -105.5 

6 20.3 0.356 8.29 8.52 -100.0 

7 19.8 0.357 7.77 8.42 -101.9 

8 19.4 0.358 6.16 8.09 -102.8 

8.5 19.1 0.358 5.70 7.93 -103.1 

10/23/2009 0 3.5 8.7 0.324 9.54 8.04 -31.2 

1 8.8 0.324 9.40 8.08 -31.6 

2 8.7 0.324 9.41 8.07 -30.2 

3 8.8 0.324 9.39 8.06 -31.4 

4 8.7 0.324 9.40 8.06 -32.1 

5 8.7 0.324 9.46 8.06 -29.4 

6 8.7 0.324 9.46 8.12 -28.3 

7 8.7 0.325 9.47 8.14 -28.7 

8 8.7 0.325 9.48 8.08 -28.5 

8.5 8.7 0.326 9.48 8.06 -29.4 
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KSVV4 -SWan Lake (Southeast) 

Specific Dissolved 

Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

11/10/2009 0 6.2 0.349 10.02 7.51 124.5 

1 6.3 0.349 10.06 7.45 123.1 

2 6.2 0.349 10.08 7.43 119.8 

3 6.2 0.357 10.09 7.40 119.6 

4 6.2 0.357 10.04 7.41 115.4 

5 6.2 0.357 10.08 7.36 114.7 

6 6.1 0.357 10.02 7.31 114.8 

7 6.1 0.357 9.92 7.40 110.8 

8 6.1 0.357 9.97 7.31 109.7 

8.5 6.0 0.357 9.88 7.31 107.0 

11/19/2009 0 5.3 0.353 10.93 7.66 116.5 

1 5.3 0.354 11.00 7.88 106.1 

2 5.2 0.354 10.67 7.99 101.2 

3 5.1 0.355 10.80 8.03 99.2 

4 5.1 0.364 10.86 8.05 98.6 

5 5.1 0.364 11.00 8.06 98.6 

6 5.1 0.364 10.96 8.01 98.9 

7 5.0 0.364 11.06 8.10 98.1 

8 5.0 0.364 10.92 8.16 98.1 

8.5 5.0 0.364 11.03 8.07 95.7 

12/1/2009 0 3.3 0.339 11.79 8.70 96.0 

1 3.3 0.339 11.69 8.52 103.9 

2 3.3 0.339 11.70 8.43 106.8 

3 3.3 0.339 11.68 8.35 111.5 

4 3.3 0.339 11.69 8.41 112.9 

5 3.3 0.339 11.69 8.15 116.4 

6 3.3 0.339 11.67 8.35 116.8 

7 3.3 0.339 11.68 8.22 119.6 

8 3.3 0.339 11.70 8.06 122.0 

8.5 3.4 0.340 11.62 8.19 121.1 
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KSVV4 -SWan Lake (Southeast) 

Specific Dissolved 

Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

5/13/2010 0 9.5 0.368 9.95 8.26 192.4 

5/27/2010 0 21.3 0.375 10.37 8.53 16.5 

6/10/2010 0 17.2 0.358 9.30 8.85 5.2 

6/25/2010 0 2.4 21.0 0.355 9.02 8.64 -69.7 

7/12/2010 0 2.9 25.3 0.346 8.06 9.14 -51.5 

7/26/2010 0 2.7 23.8 0.342 8.86 8.83 -48.5 

8/11/2010 0 2.4 24.6 0.340 8.18 8.98 -48.2 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 
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f<SN5 -SWan Lake (Center) 

Specific Dissolved 
Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

6/24/2009 0 5.0 23.4 0.344 9.47 9.17 -8.0 

1 22.8 0.343 9.37 9.08 -12.7 

2 21.3 0.342 9.79 8.97 -15.1 

3 20.6 0.341 10.17 8.93 -16.7 

4 20.0 0.340 10.12 8.92 -17.8 

5 16.8 0.338 10.65 8.74 -13.3 

6 14.3 0.341 10.05 8.49 -7.2 

7 13.4 0.341 8.80 8.26 -2.1 

8 13.2 0.341 8.93 8.33 -3.1 

9 13.0 0.340 9.27 8.33 -3.5 

10 12.8 0.341 9.05 8.30 -3.5 

11 12.7 0.341 8.52 8.28 -3.2 

12 12.6 0.342 7.40 8.22 -1.2 

13 12.4 0.342 6.81 8.16 -0.1 

14 12.3 0.343 6.34 8.10 1.5 

15 12.2 0.342 6.30 8.10 0.7 

16 11.8 0.344 2.96 7.99 3.4 

17 11.6 0.347 1.20 7.95 3.3 

17.5 11.5 0.348 1.13 7.96 2.4 

18 11.5 0.349 0.90 8.03 -1.6 

7/15/2009 0 4.6 19.4 0.344 8.33 8.37 148.2 

1 19.4 0.344 8.35 8.34 141.1 

2 19.4 0.344 8.32 8.32 137.0 

3 19.4 0.344 8.37 8.33 127.1 

4 19.4 0.344 8.39 8.35 120.3 

5 19.4 0.344 8.39 8.30 115.7 

6 19.4 0.344 8.40 8.31 113.2 

7 19.4 0.344 8.32 8.23 107.3 

8 19.1 0.344 8.09 8.22 106.5 

9 18.2 0.345 7.67 8.19 106.2 

10 18.0 0.345 7.61 8.22 104.4 

11 14.7 0.346 4.29 7.51 110.0 

12 13.8 0.345 3.45 7.42 111.9 

13 12.8 0.345 2.31 7.36 111.9 

14 12.1 0.347 0.53 7.26 113.7 

15 12.0 0.348 0.18 7.23 111.8 

16 12.0 0.348 0.15 7.28 110.6 

17 11.9 0.350 0.13 7.39 98.2 

18 11.9 0.351 0.12 7.36 -112.6 
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f<SN5 -SWan Lake (Center) 

Specific Dissolved 
Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

8/5/2009 0 4.0 18.9 0.343 8.69 8.16 28.7 

1 18.9 0.343 8.60 8.14 27.2 

2 18.8 0.344 8.73 8.15 25.5 

3 18.8 0.345 8.69 8.14 24.8 

4 18.8 0.345 8.61 8.16 23.9 

5 18.8 0.345 8.50 8.26 22.5 

6 18.8 0.345 8.62 8.18 22.5 

7 18.8 0.345 8.62 8.20 21.5 

8 18.6 0.346 8.37 8.24 21.2 

9 18.6 0.346 8.32 8.10 23.8 

10 17.8 0.347 6.58 7.85 26.9 

11 16.4 0.347 4.03 7.63 32.3 

12 14.9 0.348 2.07 7.46 35.8 

13 13.5 0.348 0.66 7.36 35.3 

14 12.9 0.350 0.25 7.20 37.1 

15 12.7 0.351 0.16 7.12 39.4 

16 12.5 0.345 0.14 6.98 43.2 

17 12.2 0.357 0.13 6.96 44.4 

18 12.1 0.358 0.13 6.88 47.6 

8/25/2009 0 3.1 20.4 0.342 8.22 -111.6 

1 20.3 0.342 8.29 -109.5 

2 20.3 0.342 8.33 -108.8 

3 20.2 0.342 8.29 -109.1 

4 20.1 0.342 8.29 -106.2 

5 19.9 0.342 8.24 -80.4 

6 19.8 0.342 8.00 -83.0 

7 19.8 0.343 7.87 -82.2 

8 19.7 0.343 7.89 -80.3 

9 19.7 0.343 7.84 -84.2 

10 18.7 0.345 6.00 -86.1 

11 18.7 0.346 5.50 -88.5 

12 15.9 0.346 1.06 -92.0 

13 14.2 0.349 0.15 -105.1 

14 13.3 0.353 0.15 -109.2 

15 12.8 0.356 0.14 -122.2 

16 12.7 0.358 0.13 -129.3 

17 12.6 0.359 0.13 -131.2 

18 12.6 0.359 0.12 -141.2 
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f<SN5 -SWan Lake (Center) 

Specific Dissolved 
Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

9/15/2009 0 3.8 22.2 0.352 8.20 8.84 80.3 

1 22.2 0.353 9.37 8.85 74.5 

2 22.0 0.352 9.24 8.86 73.1 

3 21.4 0.352 9.18 8.82 74.6 

4 20.7 0.353 9.09 8.64 81.9 

5 20.5 0.354 8.62 8.38 93.6 

6 20.0 0.356 8.02 8.21 98.6 

7 19.7 0.357 7.22 7.96 110.2 

8 19.2 0.357 5.78 7.64 121.3 

9 18.7 0.358 4.76 7.47 124.5 

10 17.8 0.359 2.23 6.93 141.9 

11 17.4 0.359 1.45 6.76 148.9 

12 16.6 0.359 0.16 6.58 155.8 

13 15.5 0.362 0.11 6.50 168.9 

14 14.2 0.367 0.11 6.33 156.9 

15 13.9 0.369 0.11 6.25 148.2 

16 13.0 0.376 0.11 6.35 118.6 

17 12.8 0.379 0.11 6.30 104.0 

18 12.7 0.392 0.11 6.26 91.6 

10/23/2009 0 3.4 9.1 0.324 8.99 8.24 -40.1 

1 9.1 0.324 8.99 8.23 -40.0 

2 9.1 0.324 8.98 8.21 -38.9 

3 9.1 0.324 9.04 8.13 -35.6 

4 9.1 0.324 9.02 8.12 -35.9 

5 9.1 0.324 9.04 8.10 -35.5 

6 9.1 0.324 9.09 8.11 -34.5 

7 9.1 0.324 9.07 8.28 -35.1 

8 9.1 0.324 9.10 8.29 -34.5 

9 9.1 0.324 9.13 8.25 -33.6 

10 9.1 0.324 9.13 8.22 -33.4 

11 9.1 0.324 9.13 8.21 -33.5 

12 9.1 0.324 9.15 7.82 -32.0 

13 9.1 0.324 9.14 7.84 -32.5 

14 9.1 0.324 9.21 7.82 -25.6 

15 9.1 0.324 9.15 7.88 -26.3 

16 8.7 0.324 9.27 7.71 -25.9 

17 8.7 0.324 9.21 7.69 -23.6 

18 8.9 0.331 8.46 7.70 -21.8 
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f<SN5 -SWan Lake (Center) 

Specific Dissolved 
Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

11/10/2009 0 6.7 0.356 9.71 7.96 69.9 

1 6.8 0.356 9.79 7.93 70.0 

2 6.7 0.356 9.70 7.99 66.0 

3 6.6 0.356 9.67 7.91 68.5 

4 6.5 0.356 9.64 7.88 71.3 

5 6.5 0.356 9.67 7.85 72.2 

6 6.5 0.356 9.60 7.76 74.7 

7 6.5 0.356 9.64 7.78 76.5 

8 6.4 0.356 9.60 7.74 77.4 

9 6.4 0.356 9.64 7.77 78.1 

10 6.4 0.356 9.59 7.7 78.6 

11 6.4 0.356 9.61 7.63 80.9 

12 6.4 0.356 9.59 7.87 66.4 

13 6.4 0.356 9.60 7.81 67.2 

14 6.4 0.356 9.62 7.8 67.9 

15 6.4 0.356 9.56 7.75 69.5 

16 6.4 0.356 9.60 7.71 70.4 

17 6.4 0.356 9.54 7.71 70.0 

18 6.4 0.356 9.00 7.63 73.0 

11/19/2009 0 5.8 0.361 10.53 8.05 144.3 

1 5.8 0.361 10.42 8.03 142.4 

2 5.8 0.361 10.43 7.98 142.1 

3 5.7 0.361 10.46 7.95 141.2 

4 5.7 0.361 10.53 7.89 142.4 

5 5.7 0.361 10.45 7.91 142.1 

6 5.7 0.361 10.43 7.89 140.4 

7 5.7 0.361 10.61 7.91 139.5 

8 5.7 0.361 10.40 7.92 138.0 

9 5.7 0.361 10.58 7.63 139.3 

10 5.7 0.361 10.36 7.81 136.2 

11 5.7 0.361 10.53 7.75 135.4 

12 5.7 0.361 10.55 7.69 135.5 

13 5.7 0.361 10.67 7.69 134.7 

14 5.7 0.361 10.63 7.66 134.3 

15 5.7 0.361 10.46 7.6 134.2 

16 5.7 0.361 10.48 7.65 137.6 

17 5.7 0.361 10.57 7.63 131.9 

18 5.7 0.361 10.61 7.66 132.0 
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f<SN5 -SWan Lake (Center) 

Specific Dissolved 
Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

12/1/2009 0 4.3 0.336 11.06 8.56 136.7 

1 4.4 0.336 11.18 8.39 140.0 

2 4.3 0.336 11.07 8.3 138.5 

3 4.4 0.336 11.04 8.28 140.0 

4 4.4 0.336 11.11 8.2 141.2 

5 4.4 0.336 11.09 8.18 141.6 

6 4.4 0.336 11.11 8.25 141.9 

7 4.4 0.336 11.09 8.08 144.0 

8 4.4 0.336 11.09 7.95 144.6 

9 4.4 0.336 11.09 8.04 143.3 

10 4.4 0.336 11.09 8.03 142.4 

11 4.4 0.336 11.05 7.98 141.8 

12 4.4 0.336 11.07 8.08 142.0 

13 4.4 0.335 11.10 7.96 141.7 

14 4.3 0.336 11.11 8.14 139.0 

15 4.3 0.336 11.11 8.02 139.7 

16 4.3 0.335 11.11 8.13 139.0 

17 4.3 0.335 11.09 8.03 138.8 

18 4.3 0.335 11.07 8.02 138.3 

5/13/2010 0 9.6 0.370 9.87 8.33 188.2 

2 9.6 0.370 9.90 8.32 188.3 

4 9.6 0.370 10.02 8.30 188.8 

6 9.6 0.370 9.93 8.18 189.5 

8 9.6 0.370 9.90 8.20 189.9 

10 9.6 0.370 9.91 8.14 190.3 

12 9.5 0.370 9.90 8.28 190.4 

14 9.5 0.370 9.93 8.22 191.6 

16 9.5 0.370 9.94 8.24 191.8 

18 9.5 0.370 9.81 8.25 192.8 
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f<SN5 -SWan Lake (Center) 

Specific Dissolved 
Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

5/13/2010 0 9.6 0.370 9.87 8.33 188.2 

2 9.6 0.370 9.90 8.32 188.3 

4 9.6 0.370 10.02 8.30 188.8 

6 9.6 0.370 9.93 8.18 189.5 

8 9.6 0.370 9.90 8.20 189.9 

10 9.6 0.370 9.91 8.14 190.3 

12 9.5 0.370 9.90 8.28 190.4 

14 9.5 0.370 9.93 8.22 191.6 

16 9.5 0.370 9.94 8.24 191.8 

18 9.5 0.370 9.81 8.25 192.8 

5/27/2010 0 18.9 0.374 9.98 8.52 6.6 

2 17.0 0.372 10.58 8.49 8.2 

4 16.2 0.371 10.65 8.54 12.6 

6 14.2 0.371 10.80 8.56 30.9 

8 11.9 0.371 10.67 8.47 37.6 

10 10.8 0.371 10.13 8.35 42.1 

12 10.4 0.372 9.71 8.32 45.3 

14 9.9 0.372 9.14 8.22 -116.8 

16 9.6 0.373 8.82 8.18 -112.7 

18 9.6 0.373 8.52 8.17 -122.7 

6/10/2010 0 2.3 17.4 0.360 9.27 8.70 25.0 

2 17.4 0.359 9.00 8.75 23.6 

4 17.4 0.359 9.27 8.73 22.5 

6 17.4 0.359 9.06 8.73 21.4 

8 13.3 0.362 8.30 8.43 32.3 

10 11.5 0.362 8.24 8.21 39.0 

12 10.5 0.362 7.71 8.07 44.2 

14 10.1 0.362 7.82 8.04 46.7 

16 9.6 0.364 5.35 7.90 49.5 

18 9.6 0.364 5.08 7.81 52.2 
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f<SN5 -SWan Lake (Center) 

Specific Dissolved 
Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

6/25/2010 0 3.1 21.0 0.361 9.29 8.81 -41.2 

2 19.7 0.361 9.40 8.78 -39.8 

4 19.3 0.361 9.42 8.77 -39.4 

6 18.8 0.364 9.23 8.71 -37.8 

8 15.9 0.369 7.68 8.34 -25.0 

10 12.2 0.371 6.52 8.02 -14.0 

12 11.2 0.371 6.38 7.86 -9.9 

14 10.3 0.372 6.26 7.81 -9.6 

16 9.7 0.373 3.25 7.54 -5.0 

18 9.7 0.373 3.17 7.53 -5.1 

7/12/2010 0 5.0 24.9 0.353 8.38 9.08 -41.8 

2 23.4 0.352 8.39 9.07 -41.1 

4 23.1 0.352 8.28 9.06 -41.0 

6 22.3 0.354 7.44 8.94 -36.4 

8 19.4 0.359 5.17 8.58 -19.2 

10 14.3 0.364 3.84 8.25 -6.6 

12 11.8 0.364 3.57 8.17 -3.1 

14 10.6 0.364 3.13 8.04 1.2 

16 10.0 0.365 0.40 7.96 2.9 

18 9.9 0.369 0.28 8.37 -37.5 

8/11/2010 0 3.5 25.6 0.341 8.78 9.02 -53.0 

2 25.5 0.341 8.80 9.04 -53.2 

4 23.5 0.341 8.22 8.96 -50.0 

6 23.0 0.344 7.07 8.84 -45.6 

8 22.0 0.348 5.04 8.61 -36.9 

10 21.6 0.349 0.09 8.32 -27.2 

12 12.3 0.359 0.80 7.95 -11.3 

14 10.7 0.361 0.12 7.87 -8.2 

16 10.2 0.370 0.13 7.85 -7.5 

18 10.1 0.373 0.13 8.50 -47.6 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 
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KSVV6 -SWan Lake fYVest) 

Specific Dissolved 
Sample Date Sample Depth Secchi Depth Temperature Conductivity Oxygen pH CH' 

(m) (m) (:::C) (mS/cm) (mg/L) (mV) 

6/24/2009 0 4.0 24.5 0.319 8.93 8.87 -1.1 

7/1/2009 0 2.6 17.9 0.335 8.79 8.21 1.5 

7/6/2009 0 3.7 20.0 0.339 8.55 9.39 -12 

7/15/2009 0 3.5 20.1 0.339 7.42 8.27 21.8 

8/5/2009 0 3.2 19.5 0.338 9.26 9.18 -7.5 

8/25/2009 0 3.2 21.1 0.334 8.59 -90.1 

9/16/2009 0 3.1 22.5 0.346 8.86 8.97 49.8 

10/23/2009 0 3.5 6.2 0.309 10.69 7.91 10.4 

11/10/2009 0 5.5 0.339 11.7 7.64 185.1 

11/19/2009 0 4.9 0.354 12.4 8.22 102.7 

12/1/2009 0 2.7 0.326 12.98 8.29 88.8 

5/13/2010 0 10.4 0.354 10.45 8.54 190.5 

5/27/2010 0 21.5 0.356 10.15 8.7 8.8 

6/10/2010 0 17.5 0.349 8.99 8.91 -2.8 

6/25/2010 0 2.3 21.1 0.344 9.31 8.73 -70.1 

7/12/2010 0 2.6 25.4 0.351 8.55 9.23 -53.1 

7/26/2010 0 2.3 25.5 0.342 9.62 8.94 -49.4 

8/11/2010 0 1.4 25.9 0.329 10.44 9.19 -53.9 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 
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't<SN?-SWan Lake (Southwest Bay) 

Specific Dissolved 
Sample Date Sample Depth Temperature Conductivity Oxygen pH CH' 

(m) (:::C) (mS/cm) (mg/L) (mV) 

6/24/2009 0 27.4 0.189 8.55 8.84 17.8 

0.8 27.4 0.188 7.72 8.85 16.1 

7/1/2009 0 15.5 0.185 11.00 7.97 23.2 

0.8 15.5 0.185 10.88 8.01 19.0 

7/6/2009 0 24.0 0.189 8.23 8.61 -18.4 

0.7 24.0 0.190 8.21 8.60 -23.1 

7/15/2009 0 18.7 0.192 7.99 8.00 4.0 

0.7 18.7 0.193 7.98 8.00 -1.2 

8/5/2009 0 19.3 0.188 10.00 9.03 -22.2 

0.7 19.3 0.188 9.82 8.91 -18.3 

8/25/2009 0 22.7 0.191 8.15 -106.2 

9/15/2009 0 23.4 0.216 7.47 8.73 91.3 

10/23/2009 0 3.2 0.201 13.20 7.67 10.0 

11/10/2009 0 4.8 0.208 12.38 7.82 203.9 

11/19/2009 0 4.3 0.215 13.69 7.07 200.0 
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't<SN?-SWan Lake (Southwest Bay) 

Specific Dissolved 
Sample Date Sample Depth Temperature Conductivity Oxygen pH CH' 

(m) (:::C) (mS/cm) (mg/L) (mV) 

5/13/2010 0 10.5 0.195 10.05 8.35 189.9 

5/27/2010 0 25.5 0.213 9.09 8.78 1.0 

6/10/2010 0 15.8 0.213 9.07 8.73 -0.2 

6/25/2010 0 22.2 0.194 8.14 8.46 -59.1 

7/12/2010 0 27.1 0.188 7.49 8.89 -35.2 

7/26/2010 0 26.9 0.184 10.33 9.11 -54.6 

8/11/2010 0 27.2 0.183 8.36 8.95 -46.7 

Notes 

mg/L is milligrams per Liter 

:::Cis degreesCelcius 

mS/cm is milliSiemens per centimeter 

mV is milliVolts 
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Appendix B 

2009 Swan Lake Water Chemistry, 
U. S. Steel Corporation, 

KeeTac Expansion Project 



U.S. Steel Corporation- KeeTac Expansion Project 
Table 1: Iron and Sulfate Concentrations in Surface Water Samples, 2009. 
Concentrations are in mg/L 

I 6/23/2009 I 7/1/2009 I 7/6/2009 
Depth (m) I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 

01 421 0.780 I 641 0.530 I 841 0.440 

I 6/23/2009 I 7/1/2009 I 7/6/2009 
Depth (m) I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 

01 491 0.480 I 601 0.310 I 781 0.250 

I 6/23/2009 I 7/1/2009 I 7/6/2009 
Depth (m) I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 

01 8.41 0.630 I NSI NS I NSI NS 

I 6/23/2009 I 7/1/2009 I 7/6/2009 
Depth (m) 1 Sulfate 1 Iron I Sulfate I Iron I Sulfate I Iron 

01 461 0.650 I NSI NS I NSI NS 

6/24/2009 7/1/2009 7/6/2009 
Depth (m) Sulfate Iron Sulfate Iron Sulfate Iron 

0 35 0.057 NS NS NS NS 
2 41 0.038 NS NS NS NS 
4 45 0.045 NS NS NS NS 
6 44 0.022 NS NS NS NS 
8 39 0.017 J NS NS NS NS 

8.5 40 0.016 J NS NS NS NS 

6/24/2009 7/1/2009 7/6/2009 
Depth (m) Sulfate Iron Sulfate Iron Sulfate Iron 

0 39 0.021 NS NS NS NS 
2 40 0.027 NS NS NS NS 
4 41 0.024 NS NS NS NS 
6 42 0.029 NS NS NS NS 
8 46 0.025 NS NS NS NS 

10 49 0.014 J NS NS NS NS 
12 51 0.018 J NS NS NS NS 
14 75 0.020 NS NS NS NS 
16 39 0.029 NS NS NS NS 
18 39 0.071 NS NS NS NS 

I 6/24/2009 I 7/112009 I 7/6/2009 
Depth (m) I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 

Ol 371 0.034 I 441 0.035 I 511 0.025 
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I 7/14/2009 
I Sulfate I Iron 
I 561 0.490 

I 7/14/2009 
I Sulfate I Iron 
I 551 0.190 

I 7/14/2009 
I Sulfate I Iron 

I NSI NS 

I 7/14/2009 
I Sulfate I Iron 
I 481 0.590 

7/15/2009 
Sulfate Iron 

26 < 0.020 
26 < 0.020 
26 < 0.020 
27 < 0.020 
26 < 0.020 
26 < 0.020 

7/15/2009 
Sulfate Iron 

27 0.065 
27 0.020 
26 < 0.020 
27 < 0.020 
26 < 0.020 
26 < 0.020 
26 0.022 
26 0.022 
26 0.028 
25 0.043 

I 7/1512009 
I Sulfate I Iron 

I 261 0.050 
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KSW1A- Hay Creek Upstream of Hay Lake 

I 8/5/2009 I 8/25/2009 I 9/16/2009 I 10/23/2009 I 11/10/2009 I 11/19/2009 I 12/1/2009 
I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 
I 481 0.410 I 461 0.350 I 521 0.410 I 491 0.280 I 541 0.150 I NSI NS I 511 0.300 

KSW1 8 - Hay Lake 

I 8/5/2009 I 8/25/2009 I 9/16/2009 I 10/23/2009 I 11/10/2009 I 11/19/2009 I 12/1/2009 
I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 
I 491 0.150 I 471 0.180 I 481 0.170 I 461 0.240 I 481 0.200 I NSI NS I NSI NS 

KSW2 - Moose Lake 

I 8/5/2009 I 8/25/2009 I 9/16/2009 I 10/23/2009 I 11/10/2009 I 11/19/2009 I 12/1/2009 
I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 

I 4.91 0.340 I NSI NS I NSI NS I NSI NS I NSI NS I NSI NS I NSI NS 

KSW3 - Hay Creek Outlet to Swan Lake 

I 8/5/2009 I 8/25/2009 I 9/16/2009 I 10/23/2009 I 11/10/2009 I 11119/2009 I 12/1/2009 
I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 
I 411 0.320 I 441 0.250 I 401 0.300 I 441 0.260 I 471 0.190 I 541 0.290 I 481 0.290 

KSW4 - Swan Lake, Southeast 
8/5/2009 8/25/2009 9/16/2009 10/23/2009 11/10/2009 11119/2009 12/1/2009 

Sulfate Iron Sulfate Iron Sulfate Iron Sulfate Iron Sulfate Iron Sulfate Iron Sulfate Iron 
24 0.020 24 0.019 J 24 < 0.020 23 0.015 J 24 < 0.020 25 < 0.020 27 0.027 
25 0.019 J 24 0.029 25 < 0.020 24 0.012 J 23 < 0.020 28 0.020 27 0.030 
25 0.020 24 0.031 25 < 0.020 25 0.013 J 23 < 0.020 27 < 0.020 28 0.050 
25 0.020 25 0.019 J 26 < 0.020 24 0.012 J 23 0.023 27 0.022 27 0.028 
25 0.020 24 0.019 J 25 < 0.020 24 0.030 23 < 0.020 28 0.021 28 0.029 
25 0.023 24 0.021 25 < 0.020 24 0.014 J 24 < 0.020 27 0.021 27 0.048 

KSW5 - Swan Lake, Center 
8/5/2009 8/25/2009 9/16/2009 10/23/2009 11/10/2009 1111912009 12/1/2009 

Sulfate Iron Sulfate Iron Sulfate Iron Sulfate Iron Sulfate Iron Sulfate Iron Sulfate Iron 
23 0.012 J 24 0.069 25 < 0.020 24 0.013 J 24 < 0.020 27 < 0.020 26 < 0.020 
24 0.008 J 24 0.026 25 < 0.020 24 0.011 J 23 < 0.020 27 < 0.020 26 0.035 
24 0.010 J 24 0.017 J 25 < 0.020 24 0.016 J 23 < 0.020 26 < 0.020 26 < 0.020 
24 0.018 J 24 0.015 J 25 < 0.020 24 0.010 J 23 < 0.020 27 < 0.020 26 < 0.020 
24 0.011 J 24 0.021 25 < 0.020 24 0.012 J 23 < 0.020 27 < 0.020 26 0.024 
24 0.015 J 24 0.014 J 25 < 0.020 24 0.012 J 24 < 0.020 28 < 0.020 27 0.025 
24 0.020 24 0.090 24 < 0.020 24 0.010 J 24 < 0.020 26 < 0.020 27 < 0.020 
23 0.011 J 23 0.057 23 0.039 24 0.010 J 23 < 0.020 27 0.033 26 < 0.020 
23 0.022 22 0.050 22 0.028 25 0.016 J 25 < 0.020 28 < 0.020 26 < 0.020 
22 0.019 J 22 0.047 21 0.034 24 0.067 24 < 0.020 27 < 0.020 26 < 0.020 

KSW6 - Swan Lake, West 

I 8/5/2009 I 8/2512009 I 9/16/2009 I 10/23/2009 I 11/10/2009 I 11/19/2009 I 12/1/2009 
I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 

I 231 0.020 I 231 o.o16 J 1 251 0.020 I 241 o.o18 J I 231 0.023 I 261 < 0.020 I 251 0.022 

P:\Mpls\23 MN\31\2331335 Keetac Line 1\WorkFiles\Surface water monitoring\2009\Data\Keetac Iron & Sulfate 2009 (version 2).xlsx 



U.S. Steel Corporation- KeeTac Expansion Project 
Table 1: Iron and Sulfate Concentrations in Surface Water Samples, 2009. 
Concentrations are in mg/L 

6/24/2009 7/1/2009 7/6/2009 
Depth (m) Sulfate I Iron Sulfate I Iron Sulfate I Iron 

0 11 11 0.102 481 0.080 401 0.380 
0.7 121 0.140 321 0.077 451 0.089 

I 6/23/2009 I 7/1/2009 I 7/6/2009 
Depth (m) I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 

01 2.81 0.820 I NSI NS I NSI NS 

6/23/2009 7/1/2009 7/6/2009 
Depth (m) Sulfate I Iron Sulfate I Iron Sulfate I Iron 

Creek NSI NS NSI NS NSI NS 
Lake NSI NS NSI NS NSI NS 

Concentrations of Iron and Sulfate are in mg/L. 
Sulfate results are for ion chromatography method only. 

KSW7 - Swan Lake, Southwest 
7/15/2009 8/5/2009 8/25/2009 

Sulfate I Iron Sulfate I Iron Sulfate I Iron 
8 Ol 0.086 8 11 0.065 691 0.094 
8.01 0.086 8.01 0.068 6.91 0.079 

KSW8 - Hart Creek 

I 7/14/2009 I 8/5/2009 I 8/25/2009 
I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 

I NSI NS I 1.51 3.90 I NSI NS 

Oxhide Creek & Lake 
7/14/2009 8/5/2009 8/25/2009 

Sulfate I Iron Sulfate I Iron Sulfate I Iron 
NSI NS 281 0.150 NSI NS 
NSI NS 291 0.017 NSI NS 

11.1 Value is an average of six surface samples collected from various locations in Swan Lake Southwest Bay. 
J Detected but below the Method Reporting Limit; therefore, result is an estimated concentration (CLP J-Fiag). 

NS Not sampled. 
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9/16/2009 10/23/2009 11/10/2009 11/19/2009 12/1/2009 
Sulfate I Iron Sulfate I Iron Sulfate I Iron Sulfate I Iron Sulfate I Iron 

631 0.069 591 0.044 621 0.048 951 0.034 NSI NS 
6.21 0.065 5.81 0.039 6.21 0.045 9.01 0.034 NSI NS 

I 9/16/2009 I 10/23/2009 I 11/10/2009 I 11/19/2009 I 12/1/2009 
I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron I Sulfate I Iron 

I NSI NS I NSI NS I NSI NS I NSI NS I NSI NS 

9/16/2009 10/23/2009 11/10/2009 11/19/2009 12/1/2009 
Sulfate I Iron Sulfate I Iron Sulfate I Iron Sulfate I Iron Sulfate I Iron 

NSI NS NSI NS NSI NS NSI NS NSI NS 
NSI NS NSI NS NSI NS NSI NS NSI NS 

Page 2 of 2 P:\Mpls\23 MN\31\2331335 Keetac Line 1\WorkFiles\Surface water monitoring\2009\Data\Keetac Iron & Sulfate 2009 (version 2).xlsx 
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U.S. Steel Corporation- KeeTac Expansion Project 
Table 2: Calcium and Magnesium Concentrations in Su rface Water Samples, 2009. 

Calcium Magnesium Hardness* 
(mg/L) (mg/L) (mg/L CaC03) 

KSW1A 
6/23/2009 27 24 166 

7/1/2009 32 33 216 
7/6/2009 NA NA NA 

7/14/2009 29 33 208 
8/5/2009 NA NA NA 

8/25/2009 36 32 222 
9/16/2009 34 37 237 

10/23/2009 36 34 230 
11/10/2009 37 38 249 
11/19/2009 NS NS NS 

12/1/2009 40 35 244 

KSW1B 
6/23/2009 31 26 184 

7/1/2009 31 30 201 
7/6/2009 NA NA NA 

7/14/2009 30 32 207 
8/5/2009 NA NA NA 

8/25/2009 35 33 223 
9/16/2009 35 35 232 

10/23/2009 37 34 232 
11/10/2009 36 34 230 
11/19/2009 NS NS NS 

12/1/2009 NS NS NS 

P:\Mpls\23 MN\31\2331335 Keetac Line 1\WorkFiles\Su rface water monitoring\2009\Data\Keetac CaFe Mg 804 
Page 1 of 2 2009.xlsx 
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U.S. Steel Corporation- KeeTac Expansion Project 
Table 2: Calcium and Magnesium Concentrations in Su rface Water Samples, 2009. 

Calcium Magnesium Hardness* 
(mg/L) (mg/L) (mg/L CaC03) 

KSW5 
6/24/2009 31 20 160 
7/15/2009 31 20 160 
8/5/2009 NA NA NA 

8/25/2009 31 20 160 
9/16/2009 32 21 166 

10/23/2009 32 21 166 
11/10/2009 32 21 166 
11/19/2009 32 21 166 

12/1/2009 32 21 166 

KSW7 
6/24/2009 18 9.2 83 

7/1/2009 19 9.3 86 
7/6/2009 NA NA NA 

7/15/2009 20 9.9 91 
8/5/2009 NA NA NA 

8/25/2009 20 9.7 90 
9/16/2009 22 10 96 

10/23/2009 23 11 103 
11/10/2009 23 10 99 
11/19/2009 22 9.9 96 

12/1/2009 NS NS NS 

Notes 
NA Not Analyzed 
NS Not Sampled 

* Hardness was calculated by summing the concentrations of calcium 
and magnesium; expressed in mg/L calcium carbonate 

P:\Mpls\23 MN\31\2331335 Keetac Line 1\WorkFiles\Su rface water monitoring\2009\Data\Keetac CaFe Mg 804 
Page 2 of 2 2009.xlsx 
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Appendix C 

Swan Lake, Center: Historic Concentrations of Sulfate in Water 
Samples Collected at Lake Surface, 2005-2009 
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Swan Lake, Center: Historic Concentrations of Sulfate in Water &3mples 
Collected at Lake Surface, 2005-2009. 
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Appendix D 

2010 Wild Rice Management Workgroup 
"350 Significant Wild Rice Waters in Minnesota" 

(updated on May 4, 201 0) 
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Appendix E 

Details of Wild Rice Surveys on 
Swan Lake Southwest Bay and Swan River 



Swan Lake 
19-Aug-10 

Plot 50 
5236778 N 
484220 E 

Plot29 
5236780 N 
484219 E 

Plot 39 
5236779 N 
484219 E 

Plot 59 
5236776 N 
484219 E 

Plot69 
5236775 N 
484219 E 

Plot 57 
5236776 N 
484217 E 

Grid 7 
Stems 

20 

22 

34 

0 

12 

35 

Height 
81 Plot 19 
84 5236749 N 
86 484086 E 

105 
110 

156 Plot 14 
120 5236749 N 
56 484081 E 

129 
113 

85 Plot 50 
135 5236746 N 
126 484087 E 
113 
128 

0 Plot 49 
5236746 N 
484086 E 

128 Plot79 
119 5236743 N 

91 484086 E 
124 
130 

112 Plot90 
137 5236742 N 
117 484087 E 
109 
124 

Grid 6 
Stems Height 

45 112 Plot91 
75 5236609 N 

100 484183 E 
118 
93 

8 65 Plot41 
51 5236609 N 
55 484178 E 

125 
39 

49 96 Plot 52 
111 5236610 N 
82 484179 E 
97 

107 

23 72 Plot 11 
100 5236609 N 
122 484175 E 
67 
98 

20 77 Plot4 
93 5236612 N 

108 484174 E 
108 
99 

8 91 Plot 33 
90 5236611 N 
92 484177 E 
95 
71 

R5-20 15-01 01170000385 

Grid 8 Grid 9 Total Lake Stem Statistics 
Stems Height Stems Height Grid Stem Number 

14 110 Plot81 7 98 Grid 6 45 
53 5236485 N 82 8 
82 484174 E 71 49 
87 73 23 
71 66 20 

8 
10 51 Plot82 1 100 39 

58 5236485 N 17 
48 484175 E 25 
38 14 
47 32 

18 
15 

0 0 Plot71 15 84 3 
5236486 N 82 50 
484174 E 63 21 

112 30 
103 6 

79 
0 0 Plot 51 6 93 35 

5236488 N 85 Grid 7 20 
484174 E 79 22 

69 34 
48 0 

12 
0 0 Plot 22 13 100 35 

5236491 N 103 26 
484175 E 65 8 

98 15 
57 52 

27 
26 

0 0 Plot 11 7 65 0 
5236492 N 80 1 
484174 E 74 15 

61 61 
28 69 

39 
32 
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Grid 7 Grid 6 Grid 8 Grid 9 Total Lake Stem Statistics 
Stems Height Stems Height Stems Height Stems Height Grid Stem Number 

Plot97 26 104 Plot99 39 99 Plot43 3 80 Plot 3 11 93 30 
5236772 N 115 5236741 N 116 5236611 N 50 5236493 N 98 Grid 8 14 
484217 E 102 484086 E 131 484178 E 22 484176 E 48 10 

75 128 43 0 
130 93 49 0 

0 
Plot46 8 161 Plot77 17 58 Plot64 14 66 Plot 53 4 59 0 
5236778 N 149 5236743 N 49 5236612 N 71 5236488 N 83 3 
484216 E 118 484084 E 77 484180 E 74 484176 E 107 14 

78 97 56 70 6 
114 107 53 19 

19 
25 

Plot26 15 48 Plot48 25 77 Plot74 6 48 Plot 54 9 95 23 
5236780 N 109 5236746 N 67 5236612 N 81 5236488 N 96 15 
484216 E 125 484085 E 80 484181 E 90 484177 E 94 7 

109 85 73 114 0 
100 104 50 58 17 

14 
Plot 25 52 74 Plot 35 14 100 Plot84 19 64 Plot 95 23 122 0 
5236780 N 137 5236747 N 108 5236612 N 70 5236484 N 79 1 
484215 E 124 484082 E 74 484182 E 66 484178 E 81 Grid 9 7 

115 115 58 97 1 
118 100 71 100 15 

6 
13 

Plot 35 27 93 Plot45 32 98 Plot85 19 64 Plot76 20 91 7 
5236779 N 127 5236746 N 113 5236613 N 70 5236486 N 86 11 
484215 E 108 484082 E 68 484182 E 66 484179 E 98 4 

128 112 58 121 9 
126 94 71 115 23 

20 
18 

Plot 55 26 135 Plot75 18 109 Plot76 25 83 Plot 55 18 128 19 
5236776 N 110 5236743 N 112 5236614 N 72 5236488 N 71 0 
484215 E 121 484082 E 120 484181 E 103 484178 E 98 7 

142 98 96 93 0 
94 105 92 70 0 

4 
4 

Plot74 0 0 Plot 86 15 109 Plot46 23 118 Plot 35 19 91 6 
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Grid 7 Grid 6 Grid 8 Grid 9 Total Lake Stem Statistics I 
Stems Height Stems Height Stems Height Stems Height Grid !Stem Number I 

5236774 N 5236742 N 97 5236614 N 129 5236490 N 123 
484214 E 484083 E 107 484178 E 87 484178 E 88 

90 62 97 
70 44 89 

Plot62 1 75 Plot94 3 97 Plot26 15 60 Plot 25 0 0 
5236775 N 5236741 N 93 5236614 N 81 5236491 N 
484212 E 484081 E 34 484176 E 62 484178 E 

59 
45 

Plot61 15 138 Plot73 50 118 Plot 57 7 59 Plot77 7 76 
5236775 N 97 5236743 N 160 5236615 N 82 5236486 N 91 
484211 E 102 484080 E 90 484179 E 109 484180 E 83 

109 119 38 45 
125 87 58 75 

Plot 51 61 167 Plot 32 21 107 Plot87 0 0 Plot 87 0 0 
5236776 N 151 5236747 N 131 5236615 N 5236485 N 
484211 E 134 484079 E 128 484182 E 484180 E 

126 90 
92 124 

Plot 31 69 124 Plot41 30 113 Plot25 17 77 Plot97 0 0 
5236779 N 139 5236746 N 120 5236613 N 80 5236484 N 
484211 E 121 484078 E 113 484176 E 71 484180 E 

123 118 82 
134 121 66 

Plot72 6 100 
Plot 33 39 140 5236743 N 120 Plot 10 14 71 Plot60 4 82 
5236779 N 143 484079 E 97 5236618 N 72 5236488 N 124 
484213 E 96 124 484174 E 43 484183 E 52 

138 99 48 46 
148 54 

Plot81 79 162 
Plot 12 32 157 5236742 N 121 Plot 50 0 0 Plot 30 4 105 
5236781 N 151 484078 E 159 5236618 N 5236491 N 73 
484212 E 98 123 484178 E 484183 E 72 
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Grid 7 Grid 6 Grid 8 Grid 9 Total Lake Stem Statistics I 
Stems Height Stems Height Stems Height Stems Height Grid !Stem Number I 

120 109 39 
76 

Plot92 35 133 
Plot 1 30 145 5236741 N 114 Plot60 1 45 Plot20 6 94 
5236782 N 113 484079 E 137 5236618 N 5236492 N 62 
484211 E 134 140 484179 E 484183 E 68 

120 115 90 
143 59 

Stems Height Stems Height Stems Height Stems Height Stems 
Total 524 10086 Total 537 9892 Total 187 4365 Total 174 6420 Total 1422 
Mean 26.2 114.61 Mean 26.85 100.94 Mean 9.35 62.36 Mean 8.7 79.26 Mean 17.775 
Median 26 120 Median 22 100 Median 8.5 65 Median 7 82 Median 15 
S.D. 19.07 29.15 S.D. 18.66682 24.01 S.D. 8.66 27.17 S.D. 7.12 26.53 S.D. 16.70668403 
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Appendix F 

Photographs of Swan Lake Southwest Bay and Swan River 
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Figure F-1 Swan Lake Southwest Bay, View of Eastern Shore, July 18, 2010 

Figure F-2 Swan Lake Southwest Bay, View of Eastern Shore, July 18, 2010 

F-1 
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Figure F-3 Swan Lake Northwest Grid Location, July 18, 2010 

Figure F-4 Swan Lake Southwest Bay, Grids Located in Lake's Center, July 18, 2010 

F-2 


